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Moody Tower Measurermenis —
Overview

Rappenglueck (Pl), Lefer (Co-Pl) Main Funding: HARC

Measurement Site

Research Issues
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‘Wnatmihe wﬁpacts with regard”to—the formation of secondary species?

. What arethe anthro‘pogenlc VS blogenlc contributions to photochemical
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Moody Tower — Measurements:

Pls - Organizations

Meteorological parameters (B. Lefer & B. Rappenglueck, UH)
0O;, CO, NO, NO,, NO, (B. Lefer & B. Rappenglueck, UH)
PAN, PPN, MPAN, online VOC, offline VOC, HCHO, H,O, (B. Rappenglueck, UH)

photolysis of O;, NO,, HONO, HCHO and 16 other important photolysis reactions, UV/VIS
AODs, O, Column, Cloud Camera (B. Lefer, UH)

CO, NO,, SO, (W. Luke, NOAA)

DOAS: O;, NO,, NO,, N,O,, HONO, HCHO; Maxdoas: NO,, HCHO (J. Stutz, UCLA)
OH, HO,, RO,, OH reactivity, O,;, NO, NO, (W. Brune, PSU)

Oxy-VOCs, HNO; (R. Zhang, TAMU)

HCHO, C_,H, (M. Fraser, U Rice)

Aerosol composition, EC/OC (R. Griffin, UNH)

Water soluble organic carbon gases and aerosols , HNO,;, HONO (J. Dibb, UNH)
PM2.5: Mass, EC/OC, Water soluble organic carbon (R. Weber, GATECH)
elemental, particle bond and reactive gaseous Hg (S. Brooks, NOAA)

Cloud Condensation Nuclei (P. Chuang, UC-Santa Cruz)

Aerosol Scattering and Extinction (D. Atkinson, Portland State)

Aerosol size distribution (D. Collins, S. Brooks, TAMU)

Aerosol backscatter remote sensing (C. Flynn, PNNL)




Moody Tower:
Site Properties

e 60 m a.g.l.
e south of downtown Houston
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Overhead View UH Campus




Moody Tower:
Overhead View Downtown




Moody Tower:
View NNE




Moody Tower:
View West

Medical Center Galleria




Moody Tower:
View SW

Reliant Stadium




Moody Tower:
View S

South Moody Tower




Moody Tower:
View SE

View to the Galveston....




Moody Tower:
View ENE

ship channel



Moody Tower:

Site Properties

e 60 m a.g.l.
e south of downtown Houston
e representative

in-situ (green lines; UH)
VS
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Moody Tower:
Site Properties

e 60 m a.g.l.
e south of downtown Houston

. representative in-situ (green lines; UH)

VS
DOAS measurements (UCLA)
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CST .
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Daytime: generally good agreement.
Nighttime: At night Moody tower in-situ observations often fall between the lower and
middle light-path DOAS mixing ratios.
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Background Oy vs Digfl O, gltifess
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<«ground PAN vs nign PAN olurnes
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VWinad Direction

0 |Wlnd direction, day| 0 |Wind direction, nightl
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VWinad Direction

0 |Wlnd direction, day| 0 |Wlnd direction, nightl
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VWinad Direction
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VWinad Direction

0 |Wlnd direction, day| 0 |Wlnd direction, nightl
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Nighttime: SW (and NE) wind directions present



Daytirne O, vs Wind Directior

0 | «  Daytime Ozone, ppbv
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Dayiirne O, vs Wird Direciion (WS > 2 1/

Daytime Ozone vs. 0
T 180

Wind Direction with
Wind Speed > 4 m/s
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Daytime Oy vs Wind Direction (WS > 4 /s

Daytime Ozone vs. 0
Wind Direction with + 180
Wind Speed > 4 m/s
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PENVMINEROIRERING DIFEction (WS >4 m/s

Daytime Ozone + NO2
vs. Wind Direction 0

with Wind Speed >4 m/s - 180
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PENVMINEROIRERING DIFEction (WS >4 m/s
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CO, NO, NO, vs Winlel PiigeerielaNEN o] ghuiigk=) I
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CO, NO, NO, vs Wirid Direciion (Nigriitirmne)
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CO, NO, NO, vs Wirid Direciion (Nigriitirmne)
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Time Series Plot -September 1, 2006
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NO),

Time Series Plot -September 1, 2006
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Traffic VOC speclailon (GC/FID)

Toluene/benzene: 3.79
Indications for decreasing benzene levels
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PI:
B. Rappenglueck

(UH)

Current analysis:
C,-C; VOCs (9/16-9/30)

S9% of toizl| aifzlnes
explainedi by 5 factors

F1:

Industrial processes asiwell
as;evaporation:

Alkanes, several alkenes,
some benzene

(&(0)

ethane
ethylene
acetylene
propane
propylene
i-butane
n-butane
t-2-butene
1-butene

I-butene
c-2-butene
cyclopentane
I-pentane

n-pentane
r-2-pentene
2-methyl-1-butene
1-pentene
c-2-pentene
2,3-dimethylbutane
2-methylpentane
3-methylpentane
isoprene

benzene

toluene
ethylbenzene
m,p-xylene
o-xylene
1,3,5-trimethylbenzene

Extraction Method: Principal Com,
Rotation Method. Varimax with Ka




PI:
B. Rappenglueck

(UH)

Current analysis:
C,-C; VOCs (9/16-9/30)

S9% of toizl| aifzlnes
explainedi by 5 factors

=%

traffic).

Aromatics, acetylene, CO

Combustion processes (e.g.

co

ethane

ethylene
acetylene
propane
propylene
i-butane
n-butane
t-2-butene
1-butene
I-butene
c-2-butene
cyclopentane
I-pentane
n-pentane
r-2-pentene
2-methyl-1-butene
1-pentene
c-2-pentene
2,3-dimethylbutane
2-methylpentane
3-methylpentane
isoprene
benzene

toluene
ethylbenzene
m,p-xylene
o-xylene

1,3,5-trimethylbenzene

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normaliz.
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B. Rappenglueck

(UH)

Current analysis:
C,-C; VOCs (9/16-9/30)

S9% of toizl| aifzlnes
explainedi by 5 factors

=55

Industrial emissions

C,-C-alkenes

(&(0)

ethane
ethylene
acetylene
propane
propylene
i-butane
n-butane
t-2-butene
1-butene

I-butene
c-2-butene
cyclopentane
I-pentane

n-pentane
r-2-pentene
2-methyl-1-butene
1-pentene
c-2-pentene
2,3-dimethylbutane
2-methylpentane
3-methylpentane
isoprene

benzene

toluene
ethylbenzene
m,p-xylene
o-xylene
1,3,5-trimethylbenzene

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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B. Rappenglueck

(UH)

Current analysis:
C,-C; VOCs (9/16-9/30)

S9% of toizl| aifzlnes
explainedi by 5 factors

ol

Sollfea vaiigel (EPE7)

i-butene, n-pentane

(&(0)

ethane
ethylene
acetylene
propane
propylene
i-butane
n-butane
t-2-butene
1-butene

I-butene
c-2-butene
cyclopentane
I-pentane

n-pentane
r-2-pentene
2-methyl-1-butene
1-pentene
c-2-pentene
2,3-dimethylbutane
2-methylpentane
3-methylpentane
isoprene

benzene

toluene
ethylbenzene
m,p-xylene
o-xylene
1,3,5-trimethylbenzene

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.




PI
B. Rappenglueck

(UH)

Current analysis:
C,-C; VOCs (9/16-9/30)

S9% of toizl| aifzlnes
explainedi by 5 factors

F5:

Biogenic sources

isoprene

(&(0)

ethane
ethylene
acetylene
propane
propylene
i-butane
n-butane
t-2-butene
1-butene

I-butene
c-2-butene
cyclopentane
I-pentane

n-pentane
r-2-pentene
2-methyl-1-butene
1-pentene
c-2-pentene
2,3-dimethylbutane
2-methylpentane
3-methylpentane
isoprene

benzene

toluene
ethylbenzene
m,p-xylene
o-xylene
1,3,5-trimethylbenzene

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.




PCA Anelysis (GC/FID)

‘ Currart 2zl ys]s: F1 72 &4 K i
O\ o c co 0.85
LI E/ /Jr (J/ )/ ) cthane 0.84
ethylene 0.61 0.50
38% of totzl variunce e e T
aolinzd 0y 9 fdctors propylene 0.67
i-butane 0.93
n-butane 0.92
t-2-butene 0.89
1-butene 0.53 0.53
i-butene 0.82
c-2-butene
Poster:
Leuchner et al.: Measurements of VOC, PAN, Formaldehyde, and
Hydrogen Peroxide at the Moody Tower Site, Houston
1-pentene
c-2-pentene 0.57 0.69
2,3-dimethylbutane 0.58 0.58
. 2-methylpentane 0.70 0.54
| 3-methylpentane 0.68 0.57
isoprene -0.91
benzene 0.53
| toluene 0.82
M _ ethylbenzene 0.77
: m,p-xylene 0.84
o-xylene 0.87
1,3,5-trimethylbenzene 0.82

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.




VOCs (PTR-MS

T n A ” alkenes | miess: pronne |
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vOCSs

‘ More than 20 VOCs.

Mzzsuramsnt oariods:
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VOCS

‘ More than 20 VOCs.

rlars;

rlourly averagad srormziic
VOCs zzstrac fromg)
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VOCs (PTR-MS

‘ More than 20 VOCs.
20

Here: 1.3 4 B m'¢ | benzene
rlourly zvar) ge e ziropziic 16 - o oy | Dluene
'\. 2

\/ OCs mezzsurad frofr) T mi2l | Cj-benzenes
08/17-09/07), .

b

= 104

=

Poster:

= Zheng and Zhang: VOCs and HNO; Measurements at the Moody
Tower

e - e
B T R S

Unlrkeralkenes; aromatic:VOE s were more correlated with the traffic

-

conditions (e.g. peak time concurred with the morning rush hour).




Formeldenycde, PANS
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Formealdenycde, PANs, rl,0,
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Formeldenycde, PANS
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Formeldenycde, PAN, O,
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Formaldenyde vs Wind Direcilon
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Formeldenycde vs Wind Direcijor
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Formeldenycde vs Wind Direcijor
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Formaldenyde vs Wind Directior)

09/15-09/30/06




Formealdenyde vs Wind Directior)

09/15-09/30/06
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Formeldenycde vs Wind Direcijor
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Aerosol ogtjcal properiies

Optical Property Day Averages 08-14-06 to 09-27-06
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Aegrosol optical groperties
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Aegrosol optical groperties
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Aerosol ogtjcal properiies

Optical Property Day Averages 08-14-06 to 09-27-06

160

140

W 532Abs_Mm_1 Avg
0530Scat_Mm_1 Avg

Mm-1

I mE B =
Poster:

Wright et al.: Ambient Observations of Aerosol Optical Properties

during TexAQS-Il using Cavity Ring-Down tion
‘ coefficient

particle scattering coefficient

[T

by T

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

ay of the Week

Soorilne avanis wdnd otrzr recrazitliorzl sieiivities resgonsiols?
Trzlow l2vels of PN on Moy, Tusscday, el YWecnsscday zire ot

ASIESAON W OTICIIZEY

.L."‘_



e een Measurements
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Boundary Layer Studies
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Mooedy Tower Measurements

» Some preliminary Results:
— Large differences between marine and continental background conditions

— complex VOC-emissions
» application of CMAQ with explicit VOC-Chemistry (Aromatics, Alkenes)

— Highly reactive VOC Chemistry not only during daytime, also nighttime
chemistry important:
* Nighttime OH-formation (e.g. VOC-ractions with NO,; NO, between 60-100 ppt)
+ Nighttime formaldehyde formation (O, reaction with alkenes?)

— High mixing rations of formaldehyde and HONO lead to enhanced production
of radicals and subsequent oxidative VOC-degradation and supposingly
enhanced formation of SOA

— Significant particle growth, partly favored through high relative humidity.
— Significant fraction of organic aerosol.

— Enhanced fraction of water soluble organics, supposingly due to oxidation of
primary organic emissions.
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Moocdy Tower Measurernenis

Complete Data Analysis not yet completed...




Mooedy Tower Measurements

Good News:

Comprehensive Final Data Analysis
=P this summer!

(supported by TCEQ and HARC)

Moody Tower Data Analysis Workshop

(tentative dates: July 16-18 at UH)
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